Introduction
For removal of the copper oxide on the surfaces of copper wire rods at the rolling process in the continuous-cast rod-making system (SCR) produced by Southwire Company, 1,2 an oily solution (Soluble oil for finishing mill) and a non-oily solution (Pickle) containing 2-propanol, which is the reductant for copper oxide, are used as the cleaning solution. The typical compositions of these solutions are shown in Table 1 . Because the solutions are sprayed on red-hot copper wire rods, the concentrations of 2-propanol in the cleaning solutions gradually decrease by vaporization and decomposition.
Then the concentration of 2-propanol in the cleaning solutions must be monitored to keep the quality of copper wire rods produced at a desired level and to estimate the amount of 2-propanol to be supplied.
It has been measured routinely by gas chromatography, where it is not necessary to isolate 2-propanol from oily substances in the cleaning solutions. The conventional gas chromatographic method is, however, timeconsuming and tedious. Furthermore, it is not applicable to on-line monitoring of 2-propanol concentration in the cleaning solutions.
Flow-injection analysis (FIA) is a rapid and precise technique that has found wide applications. Although a number of automated FIA systems are commercially available, there is no application to on-line process analysis for measuring 2-propanol in SCR process stream. We have therefore investigated the determination of 2-propanol in the stream. Taking into account the stability of instruments and simplicity of their maintenance, we decided that spectrophotometry is the most suitable method for the detection of 2-propanol in the cleaning solutions. The conventional spectrophotometric reagents used for the determination of alcohol are diphenylcarbazide, p-(dimethylamino)benzaldehyde and cerium(IV) ammonium nitrate. 3 In the case of the former two reagents, it is necessary to oxidize alcohol to acetic acid for determining alcohols. Among the reagents usually used, cerium(IV) diammonium nitrate is suitable as the chromogenic reagent for determining 0.1%(V/V) levels of 2-propanol. In addition, the sample solution containing oily substances forms an emulsion. Then 2-propanol in the sample can not be directly determined by spectrophotometry. Various separation techniques including solvent extraction, 4 adsorption on activated carbon or hydrophobic polymer 5 can be applicable to isolation of 2-propanol. Non-polar hydrophobic styrene-divinylbenzene copolymer 6 can eliminate oily substances in the sample solution.
We have developed an automated 2-propanol analytical system based on the flow injection method. A mini-column A flow-injection system has been developed for the determination of 2-propanol in the surface cleaning solutions used in the copper continuous cast rod making system. Adsorption chromatography in nitric acid medium was used for the on-line separation of oily substances in the sample solution. Cerium(IV) diammonium nitrate was utilized as the chromogenic reagent for the spectrophotometric detection of 2-propanol. The system permits a throughput of one sample per hour for the oily sample, and of 12 samples per hour for the none-oily sample. The reproducibility has been proven to be satisfactory with a relative standard deviation of less than 6.0% (2.2%(V/V) 2-propanol level, n = 23). The detection limit is 0.01%(V/V). 100 -800 µg/ml 300 -800 µg/ml Ca(II) 20 -100 µg/ml 10 -70 µg/ml Mg(II) 5 -10 µg/ml 5 -10 µg/ml Cu(II) 800 -1200 µg/ml <10 µg/ml Fe(III) <10 µg/ml <10 µg/ml 2-Propanol 0.1 -0.6%(V/V) 1.5 -4.0%(V/V) A soluble oil packed with non-polar hydrophobic styrene-divinylbenzene copolymer was utilized for eliminating oily solutions in the continuous cast rod making system. We applied acetone and a sodium hydroxide solution to regenerate the polymer. Cerium(IV) ammonium nitrate was employed as chromogenic reagent. The proposed system is applicable to the determination of 2-propanol in the range of 0.10% to 3.0%(V/V). We achieved the continuous monitoring of 2-propanol in the process stream.
Experimental
Apparatus A schematic diagram of the developed flow injection system is shown in Fig. 1 . Polytetrafluoroethylene (PTFE) tubing (1.0-mm i.d. for analytical flow lines and 0.5 mm i.d. for backpressure coils) was used to construct the manifolds. Automated six-way valves (SVA-5600S, Sanuki Industry Co., Tokyo Japan) were used for sample introduction (V1), line switching for a separation mini-column (V2), and reagents introduction for column regeneration (V3). Automated solvent selector valves (SVA-5410S, Sanuki Industry) were used for selecting reagents for column regeneration (V4). Two types of double plunger-type pumps (DMX-2700T and DMX-2400T, Sanuki Industry) were used for delivering the carrier (P1), and the chromogenic reagent (P2) and water (P3), respectively. Two types of peristaltic pumps (AC-2120 and AC-2110, ATTO Co., Tokyo, Japan) were employed to fill the sample loop and reagents injection loop, respectively. A spectrophotometer (Model U-1000, Hitachi, Tokyo, Japan) equipped with 60 µl flow-cell (20 mm path length) was used as a detector (SP). All pumps, valves and the spectrophotometer were controlled with a personal computer (Model PC-9821 Xv13, NEC, Tokyo, Japan) equipped a 24-channel output relay board (Model SWR-6398BPC/24, Microscience Co, Tokyo), an 8-channel D/A converter (Model F98A11-08, Faber Co., Fukuoka, Japan), and a 16-channel sealed-type parallel I/O interface card (Model EP-98DIOS, ELM DATA Co., Sapporo, Japan). An operating program (NEC N88BASIC/MS-DOS, ver. 6.2) for the proposed flow injection system was written in our laboratory. The computer was also used for plotting and handling the absorbance-time data.
Reagents
Distilled-demineralized water was used throughout. All reagents used were of analytical-reagent grade. 2-Propanol stock standard solution was prepared by diluting 20.00 ml of 2-propanol (99.9% purity, Kanto Chemicals Co., Tokyo, Japan) to 100 ml with water to 20%(V/V) solution. A working standard solution was prepared by diluting the stock standard solution appropriately.
Carrier solution (0.5 M nitric acid). A 40 ml volume of nitric acid (Kanto Chemicals Co., Tokyo, Japan) was diluted to 1000 ml with water. Chromogenic reagent solution (0.18 M cerium(IV) diammonium nitrate solution) was prepared dissolving 100 g of cerium(IV) diammonium nitrate (Kanto Chemicals Co.) in 0.5 M nitric acid solution and diluted to 1000 ml with the same solution. Column washing solution was prepared by dissolving 20 g of sodium hydroxide (Wako Pure Chemicals Co., Tokyo, Japan) in 1000 ml of water to yield 0.5 M solution.
A mini-column for separating oily substances was prepared as follows: non-polar polystyrenedivinylbenzene resin, Bio-Beads SM-2 (100 -200 mesh, Bio-Rad Lab., Richmond, CA, USA) was slurry-packed in a PTFE tubing (2.0-mm i.d. × 360-mm bed length) and both ends of the tube were fixed with cotton wool. The adsorption capacity of the prepared mini-column was 35 mg equivalent to Triton X-100.
Procedures
Switch the six-way valve (V2) to ADSORB position and pass the carrier solution (A) through the analytical line to pretreat the separation mini-column at the flow rate of 2.0 ml/min for 60 s. Inject (V1) 300 µl of sample solution into the stream and let oily substances be adsorbed on the mini-column. Merge the effluent with the chromogenic reagent solution (B) at the flow rate of 1.2 ml/min. Monitor the absorbance of the cerium(IV)-2-propanol complex in the flow cell (Sp.) at 495 nm for 180 s. After the monitoring, switch the six-way valve (V2) to REGENERATION position and pass water at the flow rate of 1.5 ml/min for 30 s. Inject 2.0 ml of 0.5 M sodium hydroxide solution into the water, followed by injection of 2.0 ml of acetone into the carrier water from V3 to elute oily substances adsorbed on the column. The computer prescribed all the above sequences.
Results and Discussion

Separation of 2-propanol from oily substance matrix
As shown in Table 1 , the cleaning solution A contains various types of surface-surfactants, emulsifiers, fats and oils. Because this sample is an emulsion, it is necessary for determining 2-propanol spectrophotometry in the sample solution to separate 2-propanol from the oily substance matrix. Various separation methods including solvent extraction with hexane or ethyl acetate, 4 adsorption on activated carbon and solid phase extraction utilizing a hydrophobic adsorption resin 5 can be applicable to elimination of oily substances. In this work, we employed solid phase extraction method with polystyrenedivinylbenzene resin to eliminate oily substances.
The qualitative results of the adsorption behavior of the oily substances on various resins are listed in Table 2 . About 0.12 ml of oily substances are adsorbed on 1 g of SM-2 from 0.5 M nitric acid solution, whereas 2-propanol is not adsorbed on the resin. The adsorbed oily substances on the resin are usually eluted with acetone. We tested elution of substances adsorbed on the resin with various organic solvents including acetone, methanol and hexane by a batch method. However, we could not elute oily substances from the resin. Later, we found that a mixture of sodium hydroxide solution and acetone could effectively eliminate oily substances from the mini-column. We chose SM-2 as an adsorbent to separate 2-propanol from matrix oily substances.
Spectrophotometric detection of 2-propanol
The conventional spectrophotometric reagents used for the determination of alcohol are diphenylcarbazide, p-(dimethylamino)benzaldehyde and cerium(IV) ammonium nitrate. In the case of the former two reagents, it is necessary for determining alcohols to oxidize alcohol. Cerium(IV) reacts commonly with primary, secondary and tertiary alcohols, phenols, and enols to form reddish complexes. There is only 2-propanol in the sample solution tested here, and the sensitivity of the method is sufficient for determining 0.1%(V/V) levels of 2-propanol. Therefore we employed cerium(IV) ammonium nitrate as the chromogenic reagent, and monitored the absorbance of cerium complexes at 495 nm.
Optimization of the flow injection system
The influence of the column size and the sample injection volume were examined. The bed-length and the inner diameter, i.e. the bed size, are defined by the sample injection volume. Above 300 µl of the sample injection volume was necessary to determine 0.1%(V/V) levels of 2-propanol. To eliminate oily substances in the 300 µl of the sample solution, more than 1.0 ml of resin was needed. The effect of the column inner diameter (1.0 -8.0 mm) on the sensitivity for 2-propanol was then tested. The bigger the column inner diameter, the more the decrease of the sensitivity of 2-propanol and the higher the backpressure of the mini-column. We used hereafter the 2.0-mm i.d. column, of which the bed length is 360-mm. In this case, 300 µl of sample solution containing 20%(V/V) oily substances can be injected into the analytical line.
To find the most appropriate acidity for the 2-propanol detection, the effect of the acidity was tested in the range of 0.01 to 4 M by using 300 µl of the 0.22%(V/V) 2-propanol solution. A maximum and constant response for 2-propanol was obtained with nitric acid of a concentration below 0.5 M. Because the sample solution is alkaline, there is the possibility of blocking up the mini-column with hydrolysis precipitation of metals, so that 0.5 M of nitric acid was chosen as the carrier. The influence of the concentration of the chromogenic reagent was next examined. The sensitivity of 2-propanol was increased with the concentration of cerium(IV) ammonium nitrate.
The sensitivity to permit the determination of 0.1%(V/V) levels of 2-propanol was obtained with more than 100 g/l of cerium(IV) ammonium nitrate.
To avoid precipitation of cerium hydroxide, one must add nitric acid for storage of the cerium ammonium nitrate solution. A solution of 100 g/l cerium(IV) ammonium nitrate in 0.5 M nitric acid was chosen as optimum. The effect of the coil (Cr) length was examined in the range of 1 to 10 m by injecting 300 µl of 0.22%(V/V) 2-propanol standard solution. The sensitivity decreased with increase of the Cr length. The stability of baselines was poor with the Cr's length of less than 5 m. The most reproducible results were obtained with a Cr of 8 m, which was the optimum length.
The effect of the carrier flow rate on the peak height was studied in the range of 0.5 to 2.0 ml/min by injecting 300 µl of 0.5%(V/V) of 2-propanol standard solution and real sample solutions containing oily substances. At a flow rate of more than 1.5 ml/min, a small portion of oily substances was coeluted with 2-propanol. Then the carrier flow rate was fixed at 1.0 ml/min. To find the most suitable flow rate of the chromogenic reagent solution, we tested it in the range of 0.3 to 1.5 ml/min. The sensitivity increased steadily with the increasing flow rate, and a maximum and constant response was obtained at the flow rate of 1.2 ml/min. We then selected 1.2 ml/min as the flow rate of the chromogenic reagent.
We investigated the eluent for regeneration of the SM-2 column. Sodium hydroxide solutions (0.1 to 2 M) were examined and 0.5 M sodium hydroxide solution was found to be most suitable for elimination of oily substances from the column. A 0.5 M sodium hydroxide solution is not mixable with acetone. For simplicity and stability of the proposed system, we decided to inject the regeneration solution in water as the carrier. The injection volume of the regeneration reagent was fixed at 2.0 ml to completely regenerate the mini-column.
Calibration curves
A calibration curve was constructed by utilizing the method described above. The curve was linear over the range of 0.1 to 3.0%(V/V) 2-propanol. The slope of the curve obtained by using a solution prepared by addition of various increments of the standard 2-propanol solutions to the real sample solution was equal to that obtained by the standard solution. Therefore 2-propanol in the SCR process solution can be quantified by the simple calibration method. The equation for the calibration curve obtained by the least-squares method was y = 0.0037 + 0.2202x, where y is the maximum peak height absorbance and x is the concentration of 2-propanol in %(V/V).
Effect of foreign substances
Among the elements listed in Table 1 , alkaline metals, alkaline-earth metals, Cu(II) and Fe(III) do not affect the determination of 2-propanol.
Although acetone is the degradation product of 2-propanol and is not adsorbed on the SM-2 column, it does not interfere in the range of zero to 20%(V/V).
Analysis of the continuous-cast rod-making process stream
The proposed flow injection method was applied to the determination of 2-propanol in several samples. The results are given in Table 3 ; they are in good agreement with the value obtained by a conventional gas chromatographic method. The reproducibility was satisfactory with a relative standard deviation of less than 6.0% (2.16%(V/V) level, n = 23). The detection limit, giving a signal equal to three times the standard deviation of the variation of the base line, was 0.01%(V/V). The flow injection system permits a throughput of one sample per hour for the oily sample, and of 12 samples per hour for the non-oily sample. 
